Purpose Supplementation with the n3 polyunsaturated fatty acid docosahexaenoic acid (DHA) is beneficial in heart failure patients, however the mechanisms are unclear. DHA is incorporated into membrane phospholipids, which may prevent mitochondrial dysfunction. Thus we assessed the effects of DHA supplementation on cardiac mitochondria and the development of heart failure caused by aortic pressure overload. Methods Pathological cardiac hypertrophy was generated in rats by thoracic aortic constriction. Animals were fed either a standard diet or were supplemented with DHA (2.3 % of energy intake). Results After 14 weeks, heart failure was evident by left ventricular hypertrophy and chamber enlargement compared to shams. Left ventricle fractional shortening was unaffected by DHA treatment in sham animals (44.1±1.6 % vs. 43.5±2.2 % for standard diet and DHA, respectively), and decreased with heart failure in both treatment groups, but to a lesser extent in DHA treated animals (34.9±1.7 %) than with the standard diet (29.7±1.5 %, P <0.03). DHA supplementation increased DHA content in mitochondrial phospholipids and decreased membrane viscosity. Myocardial mitochondrial oxidative capacity was decreased by heart failure and unaffected by DHA. DHA treatment enhanced Ca 2+ uptake by subsarcolemmal mitochondria in both sham and heart failure groups. Further, DHA lessened Ca 2+ -induced mitochondria swelling, an index of permeability transition, in heart failure animals. Heart failure increased hydrogen peroxide-induced mitochondrial permeability transition compared to sham, which was partially attenuated in interfibrillar mitochondria by treatment with DHA. Conclusions DHA decreased mitochondrial membrane viscosity and accelerated Ca 2+ uptake, and attenuated susceptibility to mitochondrial permeability transition and development of left ventricular dysfunction.
Introduction
Chronic heart failure remains a major cause of hospitalization and death despite aggressive treatment with current therapies, and new approaches are needed. Recent studies found that pharmacological doses of marine n3-polyunsaturated fatty acids (PUFA) comprised of docosahexaenoic acid (DHA; 22:6n3) or eicosapentaenoic acid (EPA: 20:5n3) can improve left ventricular function and reduce clinical events in heart failure patients [1] [2] [3] [4] . While the underlying mechanisms for clinical benefit are likely multifactorial [5, 6] , recent evidence suggest that favorable effects of n3-PUFA in heart failure may be partially due to changes in mitochondrial structure and function [7] [8] [9] [10] [11] .
We recently found that dietary supplementation with DHA at a clinically relevant dose increases DHA incorporation into mitochondrial membrane phospholipids and decreases the susceptibility of isolated cardiac mitochondria to undergo mitochondrial permeability transition (MPT) induced by Ca 2+ stress [7] [8] [9] [10] 12] . MPT is a catastrophic event that is triggered by exposure to high Ca 2+ or reactive oxygen species (ROS), resulting in the collapse of the mitochondrial inner membrane potential, matrix swelling, loss of ATP production, and release of matrix proteins that trigger cell death [13] [14] [15] . While it is now well established that DHA supplementation decreases susceptibility to Ca 2+ -induced MPT, the ability of DHA supplementation to enhance resistance to ROS-induced MPT has not been reported. The mechanism(s) for greater resistance to Ca 2+ -induced MPT following DHA supplementation is not clear, but could be due to decreased membrane viscosity and greater ease of movement of membrane proteins [9, 16] . Pepe et al. found that increasing DHA in mitochondrial phospholipids with dietary fish oil did not affect mitochondrial Ca 2+ content, but attenuated the acute increase in mitochondrial Ca 2+ following norepinephrine stimulation in isolated perfused hearts from normal rats [17] . This suggests that an increase in mitochondrial membrane DHA content may slow Ca 2+ uptake in response to an extra-mitochondrial Ca 2+ load, though this has not been directly assessed in isolated mitochondria.
Interventions that enhance resistance to stress-induced MPT in the heart do not necessarily translate into resistance to the development of heart failure in response to cardiac injury or pressure overload [8, 12, 18, 19] . While our previous studies showed that dietary supplementation with purified DHA at levels similar to those use in human studies improved resistance to Ca 2+ induced MPT, we did not observe improved left ventricular function and/or survival in rodents with genetic or infarct-induced heart failure [10, 12] or with mild LV hypertrophy induced by constriction of the abdominal aorta [8] . On the other hand, DHA supplementation improved cardiac function in response to moderate pressure overload in studies by us and others [20] [21] [22] [23] [24] [25] . Severe hypertensioninduced LVH results in mitochondrial pathology, as seen in an impaired capacity for oxidative phosphorylation [11, 26, 27] . While studies in genetic and infarct-induced models found that heart failure increased susceptibility to MPT induced by cell stress [12, 28, 29] , to our knowledge this has not been assessed in models of pressure overload-induced heart failure. Further, while we have demonstrated that DHA supplementation delays Ca 2+ -induced MPT, the effects on ROSinduced MPT have not been reported.
Based on this background, the present study addressed the following unanswered questions: 1) does heart failure induced by aortic pressure overload and cardiac hypertrophy increase susceptibility to ROS-induced MPT? 2) Does DHA supplementation prevent this effect? 3) Does the increase in DHA in mitochondrial phospholipids following DHA supplementation decrease membrane viscosity? 4) Does DHA alter the rate of Ca 2+ uptake by mitochondria in the normal and failing heart? and 5) Does DHA prevent LV remodeling and contractile dysfunction in response to severe aortic pressure overload? We hypothesized that heart failure induced by pressure overload would increase susceptibility to MPT, and that dietary supplementation with DHA would decrease membrane viscosity and accelerate mitochondrial Ca 2+ uptake, which would be associated with greater resistance to stress-induced MPT and attenuation of LV dysfunction. Studies were performed in a well characterized rat model of heart failure caused by constriction of the transverse aorta to generate in LVH, LV chamber expansion, and mitochondrial and contractile dysfunction [11, 27, 30] .
Material and Methods

Experimental Design
The effects of DHA were assessed in rats subjected to either sham or transverse aortic constriction in a 2×2 design comparing surgical and dietary treatments. Surgery was performed in young rats and followed by assignment to treatment with either a standard diet (15 sham rats and 22 with aortic constriction) or with DHA supplementation (14 sham rats and 22 with aortic constriction). The animal protocol was approved by the University of Maryland School of Medicine Institutional Animal Care and Use Committee and conducted according to the Guidelines for the Care and Use of Laboratory Animals (National Institutes of Health publication 85-23). The investigators were blinded to treatment when measurements were performed.
Surgery was performed in 6-8 week old (70-100 g) male Sprague Dawley rats (Harlan, Indianapolis, IN) to constrict the transverse thoracic aorta and cause cardiac hypertrophy and heart failure. Rats were placed in a chamber with 5 % isoflurane to induce anesthesia, intubated, mechanically ventilated and maintained on isoflurane (1.5-2.5 % to effect). The aortic arch was exposed and a tantalum clip (0.50 mm internal diameter; Pilling-Weck, Germany) was positioned around the transverse aorta between the brachiocephalic trunk and the left common carotid artery, as described previously [11, 31, 32] . Sham animals underwent the same procedure but without clip application. The incision was sutured closed and the animal was maintained for 14 weeks.
Three days following surgery, rats were assigned to one of two custom manufactured diets made with purified ingredients (Research Diets, New Brunswick, NJ, USA). They each contained 20 % of energy from protein (casein + L-cystine), 68 % of energy from carbohydrate sources (maltodextrin, 13 % of total energy and corn starch, 55 %) and 12 % of energy from fat. They were matched for the content of cellulose (50 g/kg), and vitamins and minerals. The fat source in the standard diet was a mixture of lard, cocoa butter and soybean oil that was free of DHA, and the DHA diet had a similar fat mixture at 9.7 % of total fat plus the addition of DHA ethylester oil (90 % purity, KD Pharma, Bexbach, Germany) at 2.3 % of energy intake. This dose of DHA corresponds to a human does of approximately 5 g/day (assuming 9 kcal/g DHA oil and a human energy intake of 2,000 kcals/day).
Echocardiography
LV function was evaluated by echocardiography using a highresolution small animal imaging system (Vevo 770 with transducer model RMV 716, VisualSonics Inc., Toronto, Canada). Rats were anesthetized with isoflurane (induced in a chamber with 1.5 % isoflurane and maintained on by mask), the chest shaved, and the animal situated in the supine position on a warming platform. M-mode and two-dimensional echocardiographic studies were performed from short axis and end systolic and diastolic diameters where assessed, and end systolic and end diastolic volumes calculated as previously described [21] . Percent fractional shortening was calculated 100 × ((end diastolic diameter − end systolic diameter)/ end diastolic diameter).
Tissue Harvest
The rats were anesthetized with isoflurane (induced on 5 % in a chamber and maintained on 5 % by mask). The chest was opened, blood rapidly was collected by cardiac puncture, and the heart removed, dissected, and weighed. Mitochondria were freshly isolated from LV myocardium. A piece of LV tissue for measurement of the activity of mitochondrial enzymes was frozen in liquid nitrogen and stored at −80°C until analyzed.
Mitochondria Isolation
The two spatially distinct subpopulations of cardiac mitochondria, subsarcolemmal mitochondria (SSM) and interfibrillar mitochondria (IFM), were isolated as described previously by Palmer et al. [33] with modifications [8, 10] . LV tissue was minced and homogenized in 1:10 cold modified Chappel-Perry buffer [100 mM KCl, 50 mM MOPS, 5 mM MgSO 4 , 1 mM EGTA, 1 mM ATP, 0.2 mg/ml bovine serum albumin (BSA)].
Homogenates were centrifuged at 500 x g and supernatant yielded SSM. IFM were extracted through tryptic digestion (5 mg/g wet weight) for 10 min on ice, and further purified through a series of centrifugation steps. Mitochondrial protein was assessed by the Lowry method using BSA as a standard.
Mitochondrial Respiration
Mitochondrial oxygen consumption was measured in SSM and IFM as described previously [8, 10] . Isolated mitochondria (0.5 mg mitochondrial protein/ml) were respired in buffer containing 100 mM KCl, 50 mM MOPS, 5 mM KH 2 PO 4 , 1 mM EGTA, and 1 mg/ml BSA. State 3 and 4 respiration was measured utilizing glutamate + malate (10 mM and 5 mM), palmitoylcarnitine (10 mM), and succinate with rotenone (10 mM and 7.5 μM). The respiratory exchange ratio (RCR) was calculated as state 3/state 4.
Ca
2+ Uptake and ROS-induced MPT Ca 2+ uptake and tert-butyl hydrogen peroxide (tBH) induced Ca 2+ release were assessed in isolated SSM and IFM as previously described [34] . In short, mitochondria (1.5 mg mitochondrial protein) were resuspended in 1.5 mL of Ca 2+ -free buffer containing 100 mM KCl, 50 mM MOPS, 5 mM KH 2 PO 4 , 5 μM EGTA, 1 mM MgCl 2 , 5 mM glutamate, and 5 mM -induced mitochondrial swelling, an established measure of MPT, was monitored at 540 nm using a 96 well spectrophotometic plate reader (SpectraMax, Molecular Devices, USA) at 37°C as previously described [7] . Briefly, 50 μg of mitochondrial protein in 200 μL of Ca 2+ free buffer 
Membrane Viscosity
Mitochondrial membrane viscosity was assessed by measuring anisotropy using fluorescence polarization of 1,6-diphenyl-1,3,5-hexatriene (DPH, Invitrogen), which decreases with increased rotation of the dye (i.e. decreased membrane viscosity) [35] . 200μg mitochondrial protein was incubated with 10 μM DPH for 30 min at 37°C in 3 mL of 46 mM KH 2 PO 4 . Anisotropy was measured in black opaque 96-well polystyrene plates at 37°C with an excitation and emission of 355 and 430 nm, respectively. Results were corrected for background by subtracting measurements from wells containing only buffer. Anisotropy was calculated as:
where r is the anisotropy, I VV and I VH are the fluorescent intensities measured in both the vertical and horizontal channels, and G (gating) was assigned a value of 1.00.
Flow Cytometry Analyses
Mitochondrial size and membrane potential were assessed in SSM and IFM by flow cytometry (BD Biosciences) as previously described [34, 36] . Briefly, isolated SSM and IFM were 
Mitochondrial Enzyme Activities
To determine if heart failure and/or DHA affected the total mitochondrial oxidative capacity, the activities of citrate synthase, aconitase, and medium-chain acyl coenzyme A dehydrogenase were measured from myocardial homogenates from the frozen LV using spectrophotometric assays as previously described [10, 37] .
Mitochondrial Phospholipid Fatty Acid Composition
The phospholipid fatty acid composition of SSM and IFM were measured using gas chromatography-mass spectrometry using the transesterification method as previously described [9, 12, 38] .
Statistical Analysis
Data are presented as mean ± SEM. The effect of TACinduced heart failure was assessed with a 2-way ANOVA, with a Bonferroni post hoc test to determine potential difference among groups. A P <0.05 was taken as significant.
Results
Survival and Cardiac Function
After 14 weeks of treatment there was a similar rate of mortality in both untreated and DHA treated groups for sham animals (15/15 (0 %) and 14/14(0 %) for sham standard diet and DHA, respectively, and 20/22 (10 %) and 20/22 (10 %) for heart failure standard diet and DHA, respectively). There were no significant differences in body mass (Table 1) . Transverse aortic constriction caused cardiac hypertrophy as evident by a significant increase in the mass of the LV, right ventricle and atria compared to sham animals ( Table 1 , Fig. 1 ). Treatment with DHA had no effect on cardiac mass in either sham or aortic constricted animals. Heart failure was evident, as seen in LV chamber enlargement at both end systole and end diastole, and a significant fall in LV fractional shortening and ejection fraction in both treatment groups (Table 1 , Fig. 1 ). LV fractional shortening and ejection fraction were Fig. 3 Phospholipid content of DHA (top panels) and arachidonic acid (bottom panels) in SSM and IFM expressed as a percent of total fatty acids. Data are mean ± SEM. * P <0.001 compared to the respective untreated group. † P <0.05 compared to untreated sham group unaffected by DHA treatment in sham animals. In heart failure treatment with DHA significantly attenuated the decline in left ventricular fractional shortening and ejection fraction compared to the standard diet, suggesting that DHA has a modest but significant protective effect (Table 1 , Fig. 1 ).
Mitochondrial Function
Heart failure decreased myocardial oxidative capacity, as seen in lower activity of the citric acid cycle enzymes citrate synthase and aconitase, and the fatty acid β-oxidation enzyme medium chain acyl-CoA dehydrogenase in myocardial homogenates from the LV (Fig. 2) . Further, mitochondrial yield was lower with heart failure in the standard diet group in SSM and in both dietary groups in IFM (Fig. 2) . Thus, heart failure decreased total mitochondrial oxidative capacity in LV myocardium in both treatment groups. Treatment with DHA had no significant effect on any of these parameters (Fig. 2) . Maximal respiratory function in isolated mitochondria (state 3) was not impaired by heart failure in either SSM or IFM with any of the substrates tested ( Table 2 ). On the other hand, DHA treatment increased state 3 respiration of SSM in sham rats with palmitoylcarnitine as a substrate, and showed a similar nonsignificant trend in IFM. This response was not observed in heart failure animals treated with DHA, as the state 3 rate in IFM with palmitoylcarnitine was similar to levels observed in the standard diet group (Table 2) . DHA had no effect on state 3 respiration with glutamate + malate or succinate as substrates. State 4 respiration was not different among groups in SSM, but in IFM it was decreased by DHA treatment compared to the standard diet with heart failure when glutamate + malate or palmitoylcarnitine were used as substrates. This corresponded to an increase in the respiratory control ratio (RCR; state 3/state4) in these groups. There were no effects of heart failure or DHA on the ADP:O ratio (Table 2) . Combined with the lack of elevation in state 4 respiration, this demonstrates that heart failure did not result in mitochondrial uncoupling.
Mitochondrial Phospholipid Fatty Acid Composition
Analysis of phospholipids in isolated SSM and IFM revealed that heart failure induced changes in mitochondrial phospholipid fatty acyl side chain composition, decreasing linoleic acid (18:2n6) in SSM in both treatment groups, and in the standard diet group in IFM compared to their respective shams (Table 3) . There was an increase in arachidonic acid in IFM with heart failure in untreated animals (Fig. 3) . In SSM, heart failure significantly increased palmitate (16:0) in the standard diet group (Table 3) . Further, heart failure caused a decrease in total n6-PUFA and n3-PUFA in the DHA heart failure group compared to the DHA treated sham group in SSM (Table 3) .
Treatment with DHA increased DHA, EPA and the sum of total n3-PUFA in both IFM and SSM in both sham and heart failure rats (Fig. 3, Table 3 ). Supplementation with DHA also decreased arachidonic acid (20:4n6) in sham and heart failure animals in both mitochondrial populations (Fig. 3) and the sum of n6-PUFA in IFM (Table 3 ). There were no differences in the sum of either monounsaturated or saturated fatty acids among groups (Table 3) . Groups sizes were 10 and 12 for the untreated sham and heart failure groups, respectfully, and 10 and 12 for the DHA treated sham and heart failure groups, respectfully Mitochondrial Structure Mitochondrial size, internal complexity and membrane potential were examined in isolated mitochondria using flow cytometry. Neither heart failure nor DHA significantly altered mitochondrial size, internal complexity or membrane potential in SSM or IFM (Table 4) .
Mitochondrial Membrane Viscosity DHA supplementation and heart failure differentially effected membrane viscosity in the two mitochondrial subpopulations. In SSM, there was no significant effect of DHA treatment, however heart failure decreased membrane viscosity (P <0.02 as a main effect vs. sham), as seen in a decrease in anisotropy (Fig. 4) . On the other hand, in IFM there was no effect of heart failure, but DHA treatment significantly decreased membrane viscosity compared to the standard diet.
The ability of isolated mitochondria to resist Ca 2+ -induced MPT was assessed from the fall in absorbance at 540 nm following a bolus injection of Ca 2+ , which is an established index of mitochondrial swelling as a result of permeability transition. In SSM, heart failure resulted in a significantly greater decrease in absorbance compared to sham rats fed the standard diet, while treatment with DHA prevented this effect (Fig. 5) . In IFM, heart failure did not accelerate the fall in absorbance compared to sham animals on the standard diet, however DHA treatment slowed the fall in absorbance compared to the standard diet heart failure group.
Mitochondrial Ca
2+ Uptake and tBH-induced Ca 2+ Release
Mitochondrial Ca 2+ uptake was assessed by measuring the fall in extramitochondrial Ca 2+ fluorescence after subjecting isolated mitochondria to a bolus of Ca
2+
. Heart failure significantly delayed Ca 2+ uptake in both SSM and IFM (Fig. 6 ).
Supplementation with DHA increased the rate of Ca 2+ uptake in both heart failure and sham animals in SSM but not in IFM. Further, the total amount of Ca 2+ buffered by the mitochondria was decreased with heart failure both with and without DHA treatment compared to the sham animals on standard diet. Ca 2+ was released from the mitochondria during a continuous infusion of tBH with monitoring of extramitochondrial Ca 2+ fluorescence. Mitochondria required significantly less tBH to release Ca 2+ in animals with heart failure compared to shams in both untreated and DHA treated groups in SSM and IFM, demonstrating greater susceptibility to hydrogen peroxide-induced permeability transition in heart failure ( Fig. 7) . DHA partially attenuated this response in IFM but not SSM.
Discussion
The present investigation provides important new information regarding the effects of dietary supplementation with purified DHA on the development of heart failure and the susceptibility of mitochondria to undergo permeability transition. First, we observed that cardiac mitochondria from animals with heart failure induced by aortic pressure overload were more susceptible to ROS-induced MPT in both untreated and DHA treated animals. Second, treatment with DHA resulted in modest but significant improvement in ROS-induced MPT in IFM in rats with heart failure. Third, the increase in DHA in mitochondrial phospholipids was associated with a decrease in membrane viscosity in IFM, but not in SSM. Further, viscosity was decreased by heart failure in SSM in both untreated and DHA treated animals. Together these findings suggest that the changes in viscosity with heart failure and DHA did not contribute to the differences in mitochondrial function among groups. Lastly, in a model of pressure overload induced heart failure that was more severe than those used in previous studies with marine n3-PUFA [8, [21] [22] [23] 25] , we observed that DHA did not prevent loss of myocardial mitochondrial oxidative capacity in heart failure, and only modestly attenuated the development of LV dysfunction. Taken together, these findings suggest that while dietary supplementation with DHA significantly changed mitochondrial phospholipids and resistance to MPT, it provided only modest protection against the development of heart failure. The effects of pressure overload-induced heart failure on MPT have not been extensively studied. We previously assessed MPT in isolated mitochondria from rats with mild left ventricular hypertrophy due to abdominal aortic constriction, and observed no differences from sham animals [8] . We recently showed that 15 weeks of aldosterone-induced hypertension with resultant modest LV hypertrophy in old female beagles resulted in a modest decrease in Ca 2+ in cardiac SSM, but not IFM [39] . These findings are in contrast to our recent finding in cardiomyopathic hamsters, where IFM had greater susceptibility to Ca 2+ -induced MPT than normal healthy hamster, while SSM were similar [40] . The present investigation extends these previous findings by showing that with more severe LV hypertrophy with clear LV dilation there is greater susceptibility to Ca 2+ -induced MPT only in SSM, not IFM. Further, we show that in this model, ROS-induced MPT is clearly enhanced in heart failure (Fig. 7) . The role of MPT in the development and progression of heart failure is controversial and unresolved, and thus the implications of these findings are not clear and remain under extensive investigation.
Several issues arise that require additional investigation. First, the present investigation assessed the effects of DHA on prevention of heart failure induced by pressure overload and cardiac hypertrophy, and did not evaluate the ability of DHA to treat established heart failure. Further, we did not assess the impact of early pre-treatment with DHA prior to initiation of pressure overload, as we did in a previous study with less severe aortic constriction [21] . This approach may have provided superior protection and is worthy of further study. Second, we assessed relatively short term treatment in young rats. Since human heart failure is largely a disease in the elderly, it is important to assess the effects of DHA in a similar model in animals with advanced age. That said, we recently observed minimal beneficial effect of DHA on LV function and no improvement in survival in cardiomyopathic hamsters with treatment lasting up to 78 weeks and with treatment initiated in adulthood [12] . This remains to be tested in a non-genetic hypertrophic pressure overload model of heart failure. Third, the diets we used were low in total fat and high in carbohydrate (12 % and 68 % of energy intake) which likely results in development of worse LV and mitochondrial dysfunction than higher fat intake (see reference [41] for /mg mitochondrial protein. * P <0.05 for the DHA treated heart failure group compared to untreated heart failure;^P <0.05 for untreated sham compared to untreated heart failure. Groups sizes were 15 and 20 for the untreated sham and heart failure groups, respectfully, and 14 and 20 for the DHA treated sham and heart failure groups, respectfully Fig. 4 Fluorescence polarization of 1,6-diphenyl-1,3,5-hexatriene in SSM and IFM, which reflects mitochondrial membrane viscosity. Groups sizes were 15 and 20 for the untreated sham and heart failure groups, respectfully, and 14 and 20 for the DHA treated sham and heart failure groups, respectfully review). On the other hand, we have previous observed that very high intake of mainly saturated fat (60 % of energy intake) blocked the beneficial effect of dietary supplementation of a mixture of DHA and EPA. It is possible that this effect would not be seen with a more modest high fat intake using mainly monounsaturated fatty acids, though this remains to be seen. It is also important to consider that most human heart failure develops after several years of hypertension that is often combined with ischemic heart disease and metabolic abnormalities such as obesity, diabetes and physical inactivity. The aortic banding model is highly reproducible and recapitulates many of the key components of heart failure due to aortic stenosis, but has distinct differences from most human heart failure. Future studies should consider evaluating the long term effects of DHA in a model of myocardial infarction in combination with more modest hypertension and/or metabolic disease. Lastly, treatment with DHA could affect arterial function and vascular resistance, thus in future studies it is import to assess systemic and proximal aortic blood pressure and the gradient across the aortic constriction.
In summary, the present investigation established that heart failure induced by pressure overload increases susceptibility to ROS-induced MPT in both untreated and DHA treated animals, but that this effect is modestly attenuated by treatment with DHA. Elevated DHA in mitochondrial membranes was associated with a decrease in membrane viscosity in the mitochondria found among the myofibrils, but not those adjacent to the sarcolemmal membrane. On the other hand, DHA was ineffective at preventing loss of myocardial mitochondrial oxidative capacity and only modestly attenuated of the development of LV dysfunction. (Fig. 5) . * P <0.05 heart failure compared to respective sham, # P <0.05 DHA treatment compared to standard diet in heart failure,^P <0.05 DHA treatment compared to standard diet in the sham groups. Groups sizes were 15 and 20 for the untreated sham and heart failure groups, respectfully, and 14 and 20 for the DHA treated sham and heart failure groups, respectfully Fig. 6 Extramitochondrial Ca 2+ fluorescence. * P <0.05 heart failure compared to respective sham, # P <0.05 DHA treatment compared to standard diet in heart failure,^P <0.05 DHA treatment compared to standard diet in the sham groups. Groups sizes were 15 and 20 for the untreated sham and heart failure groups, respectfully, and 14 and 20 for the DHA treated sham and heart failure groups, respectfully Funding support This work was supported by the National Institutes of Health, National Heart Lung and Blood Institute [Grant numbers HL074237, HL110731 and HL101434] .
